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The subjeot of the present Invention 1b a novel 
catalystic composite which has exceptional activity, select- 
ivity, and resistance to deactivation when employed in a 
^jplrocar^n conversion process that requires a catalyst having 
both a hydrogenation-dehydrogenation function and an acid 
function* More precisely, the present invention involves a 
novel dual-function .catalytic composite which, quite surpris- 
ingly, enables substantial improvements in hydrocarbon convers- 
ion processes that have traditionally utilised a dual-function 
catalyst to accelerate the various hydrocarbon conversion 
reactions associated therewith. In another aspect, the 
invention concerns the improved processes that are produced by 
the use of a catalytic composite comprising a combination of a 
platinum group component, a germanium ozlde component, and a 
halogen component with a porous, high-surface area carrier 
material; specifically, an improved reforming process which 
utilizes the subject catalyst to markedly improve activity, 
selectivity, and stability characteristics associated therewith, 
to increase yields of 0^+ reformate and of hydrogen and to allow 
operation at high severity conditions not heretofore generally 
employed in the art of continuous reforming processes* 

Composites having a hydr ogena t ion-dehydrogena t ion 
function and a cracking function are widely used today as 
catalysts in many industries, such as the petroleum and 
petrochemical industry, to accelerate a wide spectrum of 
hydrocarbon conversion reactions • Generally, the cracking 
function is thought to be associated with an acid-acting 
material of the porous, adsorptive, refractory oxide type 
which is typically utilized as the support or carrier for a 
heavy metal component such as the metals or compounds of metals 
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perform its specified functions, but alsp that it has the 
capability to perform them satisfactorily for prolonged periods 
of time. The analytical terms used in the art to measure how 
- well a particular catalyst performs Its intended functions in a 
particular hydrocarbon reaction environment are activity, 
selectivity » and stability. And for purposes of discussion 
here, these terms are conveniently defined for a given charge 
stock as follows: (1) activity is a measure of the catalyst's 
ability to convert hydrocarbon reactants into products at a 
specified severity level where severity level means for 
conditions used- that is, the temperature, pressure, contact 
time, and presence of diluents such as Hgj (2) selectivity 
refers to the amount of desired product or. products obtained 
relative to the amount of reactants converted; (3) stability 
ref era to the rate of change with time of the activity and 
selectivity parameters-obviously the smaller pate implying the 
more stable catalyst. In a reforming process, for example, 
activity commonly refers to the amount of conversion that takes 
place for a given charge stock at a specified severity level 
and is typically measured by octane number of the C^+produet 
stream; selectivity usually refers to the relative amount of 
C 5 +yield that is obtained at the particular severity level; 
and stability is typically equated to the rate of change with 
time of activity, as measured by octane number of C^+product 
and of selectivity, as measured by C^+yleld. Actually, the 
last Statement is not strictly correct because gene rally a 
continuous reforming process Is run to produce a constant octane 
Cg+preduct with a severity level being continuously adjusted to 
attain this result; and, furthermore, the severity level is for 
thla process usually varied by adjusting the conversion temper- 
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ature In the reaction zone so that In point of fact, the rate 
of change of activity finds response in the rate of change 
of conversion temperatures and changes in this last parameter 
are customarily taken as indicative of activity stability. 

As is well known to those skilled in the art, the 
principal cause of observed deactivation or instability of a 
dual-function catalyst when it is used in a hydrocarbon 
conversion reaction is associated with the fact that coke forma 
on the surface of the catalyst during the course of the reaction. 
More specifically, in these hydrocarbon converaion processes, 
the conditions utilized typically result in the formation of 
heavy, high molecular weight, black, solid or semi-solid, 
csrbonaceoua material which coats the surface of the catalyst 
and reduces its activity by shielding its active sites from the 
reactanta. in other words, the performance of this dual-funct- 
ion catalyst is sensitive to the presence of carbonaceous depos- 
its on the surf ace of the catalyst. Accordingly, the major 
problem facing workers in this area of the art is the develop- 
ment of more active and selective catalytic composites that are 
not as sensitive to the presence of these carbonaoeous materials 
and/or have the capability to suppress the rate of the formation 
of these carbonaceous materials on the catalyst. Yiewed in 
terms of performance parameters, the problem is to develop a 
dual-function catalyst having superior activity, selectivity, 
and stability. In particular, for a reforming process the prob- 
lem is typically expressed in terms of shifting and stabilizing 
C 5+ yield-octane relationsMp-^+yield being representative of 
selectivity, and octane being proportional to activity. 

I have now found a dual-function catalytic composite 
which possesses improved activity selectivity, and stability 
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*e rate a f * ten is employed in a process for the conversion of 
mge f f hydrocarbons of the type which have heretofore utilized dual- 

*aeter I i function catalytic composites such as processes for Isomeriz- 
ty. 1 -* ation, hydroisomerization, dehydrogenation, desulfurlzation, 

the I denitrogenization, hydrogens ti on , alkylation, dealkylation, 

of a I disproportionate, ollgomerization, hydrodealkylation, trans- 

alkylation, cyclizatlon, dehydrocyclization, cracking, hydro- 
c forms J cracking, reforming, and the like processes. In particular, I 
reaction. J have f0VIBd ***** a catalyst, comprising a combination of a 
38e8, I platinum group component, a germanium component, and a hal og en 

i of I component with a porous refractory carrier material, can enable 

the performance of a hydrocarbon conversion process utilizing a 
lyst \ dual-functioa catalyst to be substantially improved. An 

Dm the | : essential condition associated with the acquisition of this 
funct- I Improved performance is the oxidation state of the germanium 
depos- \ component utilized in this catalyst. As a result of my 
r I investigations, I have determined that the germanium component 

lop. I must be utilized in a positive oxidation state (i.e., either 

t are ) +2 or +4) and that the germanium component must be uniformly 

trials distributed throughout the porous carrier material. In addition, 

tation 1 bave found that in order to achieve the desired oxidation Btate 

I and the distribution of the germanium component, the presence of 
a halogen component in the composite is essential. Furthermore, 
the catalyst must be prepared under carefully controlled 
conditions as will be explained hereinafter. In the case of a 
Ing J reforming process, one of the principal advantages associated 

f I with the use of the novel catalyst of the present invention 

involves the acquisition of the capability to operate In a 
ie ! stable manner in a high-severity operation; for example, a 

continuous reforming process producing a Cj+refarmate having an 
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octane of about 100 F-1 clear ^ad utilising a relatively low 
pressure selected from the range of about 50 to about 350 p.s. 
l.g. In short, the present Invention essentially involves the 
finding that the addition of a controlled amount. of an oxidized 
germanium component to a dual-function hydrocarbon conversion 
catalyst containing a platinum group component and a halogen 
component enables performance characteristics of the catalyst 
to be sharply and materially improved. 

It is, eccordingly, one object of the present 
invention to provide a hydrocarbon conversion catalyst having 
superior performance characteriatics when utilized in a hydro- 
carbon converaion process. A second object is to provide a 
catalyst having dual-function hydrocarbon conversion perform- 
ance characteristics that are relatively insensitive to the 
deposition of hydrocarbonaceous material thereon. A third 
object is to provide preferred methods of preparation of this 
catalytic composite which Insures the achievement and mainten- 
ance of its properties. Another object is to provide an 
improved reforming catalyst having superior activity, select- 
ivity, and stability when employed in a low pressure reforming 
process. Yet another object is to provide a dual-function 
hydrocarbon conversion cataiyst which utilizes a relatively 
inexpensive component, germanium, to promote a platinum metal 
component. Still another object is to provide a method of 
preparation of a germanium-platinum catalyst which insures the 
germanium component la in a highly dispersed oxidized state 
during use in the conversion of hydrocarbons. 

In one embodiment, the present Invention is a cataly- 
tic composite comprising a combination of a platinum group 
component, a germanium component, and a halogen component with 
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a porous carrier material wherein the germanium component is 
present in an oxidation state above that of the elemental metal 
-typically, as germanium oxide • The porous carrier material 
is usually a porous, refractory, inorganic oxide, such as 
alumina, and the platinum group component and germanium compon- 
ent are usually utilized in relatively small amounts which are 
effected to promote the desired hydrocarbon conversion reaction. 

A second embodiment relates to a catalyst composite 
comprising a combination of a platinum component, a germanium 
oxide component, and a halogen component with an alumina carrier 
material. These components are preferably combined in amounts 
sufficient to result in the final composite containing, on An 
elemental basis, about O.Of to about 2.0 wt. percent platinum, 
about O.Ot to about 5.0 wt. percent germanium and about 0.5 to 
about 3*5 wt. percent halogen. 

A third embodiment relates to the catalytic composite 
described in the second embodiment wherein the composite, prior 
to the use thereof in the conversion of hydrocarbons, is reduced 
with substantially water-free hydrogen under conditions selected 
to reduce the platinum component but not the germanium oxide 
component. 

A fourth embodiment relates to a catalytic composite 
comprising a combination of the pre-reduced catalytic composite 
of the third embodiment with a sklfur component in an amount 
sufficient to incox*porate about 0.Q5 to about 0.5 wt. percent 
sulfur, calculated on an elemental basis. 

Another embodiment relates to a process for the 
conversion of a hydrocarbon comprising contacting the hydrocar- 
bon with the catalytic composite of the first embodiment at 
hydrocarbon conversion condit ibhs • 
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kieselguhr, pumice f etc.; (3) ceramics, porcelain, crushed 
firebrick, and bauxite; (k) refractory inorganic oxides Buch aa 
alumina, titanium dioxide, zirconium dioxide, chromium oxide, 
j, zinc oxide, magnesia, thoria, boria, silica-alumina, silica- 
magnesia, chromia-alumina, alumina-borla, silica-zirconia, etc.; 
(5) crystalline alumino-silicates such aa naturally occurring or 
synthetically prepared mordenite and/or faujasite, either in the 
hydrogen fore or in a form which has been treated with multi- 
valent cations; and, (6) combinations of these groups* The 
preferred porous carrier materials for use in the present 
invention are refractory inorganic oxides with beBt results 
obtained with an alumina carrier material. Suitable alumina 
materials are the crystalline aluminas known aa the gamma-, eta-, 
and theta-alumina with gramma- or eta-alumina giving beet results 
In addition, in some embodiments the alumina carrier material 
may contain minor proportions of other well known refractory 
inorganic oxides such as silica, zirconia, magnesia, etc.; how- 
ever, the preferred carrier material is substantially pure gamma- 
or eta-alumina. Preferred carrier materials have an apparent 
bulk density of about 0.30 to about 0.70 gm./cc. and surface 
area characteristics such that the average pore diameter is 
about 20 to 300 angstroms, the pore volume is about 0.10 to 
about 1 .0 ml./gm. and the eurface area ia about 100 to about 
500 m. /gm. In general, best results are typically obtained 
with a gamma-alumina carrier material which is used In the form 
of spherical particles having: a relatively small diameter 
(i.e., typically about 1/1 6 inch), an apparent bulk density of 
about 0.5 gm/cc, a pore volume of about 0.1*ml./gm. f and a 
surface area of about 175 n. 2 /gnU 

The preferred alumina carrier material may be prepared 
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of the alumina hydrogel to Ihe^ PoSrlspSnding crystalline 
_, - gamma-alumina. See the teachings of U.S. Pat. No.2,620,3iU 
for additional details. 

One essential constituent of the composite of the 
> present invention is a germanium component, and it ia an 
essential feature of the present invention that the germanium 
component is present in the composite in an oxidation state 
above that of the elemental metal. That is to say, the 
germanium component will exist in the catalytic composite in 
either the +2 or +k oxidation state with the latter being the 
most likely state. Accordingly, the germanium component will 
be present in the composite as a chemical compound, such as the 
oxide, sulfide, halide, etc., wherein the germanium is in the 
required oxidation state, or as a chemical combination with the 
carrier material in which combination the germanium exists in 
this higher oxidation state. On the basis of the evidence 
currently available, it is believed that germanium component 
in the subject composite exists as germanous or germanic oxide. 
It is important to note that this limitation on the state of 
the germanium component requires extreme care in the preparat- 
ion and use of the subject composite in order to insure that it 
is not subjected to high temperature reduction conditions 
effective to produce the germanium metal. This germanium 
component may be incorporated in the catalytic composite in any 
suitable manner known to the art such as by coprecipitation or 
cogellation with the porous carrier material, ion exchange with 
the gelled carrier material or impregnation with the carrier 
material either after or before it is dried and calcined. It 
is to be noted that it is intended to include within the scope 
of the present invention all conventional methods for incor- 
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obtained when the germanium component la impregnated 
giinultaneouely with the platinum group component. In fact, I 
bave determined that a preferred impregnation solution contains 
ohloroplatlnic aci^ hydrogen chloride, and germanous oxide 
dissolved in chlorine water. Following the impregnation step, 
the resulting composite is dried and calcined as explained 
hereinafter* 

Regardless of which germanium compound is used in the 
preferred impregnation step, it is important that the germanium 
component be uniformly distributed throughout the carrier 
material. In order to achieve this objective it la necessary . 
to maintain the pH of the impregnation solution in a range of 
about 1 to about 7 and to dilute the impregnation solution to 
a volume which is substantially in excess of the volume of the 
carrier material which is impregnated. It is preferred to use 
a volume ratio of impregnation solution to carrier material of 
at least 1.5:1 and preferably about 2:1 to about 10:1 or more. 
Similarly, it is preferred to use a relatively long contact 
time during the impregnation step ranging from about i hour up 
to about i hour or more before drying to remove excess solvent 
in order to insure a high dispersion of the germanium component 
on the carrier material. The carrier material is, likewise, 
preferably constantly agitated during this preferred impregna- 
tion step. 

As indicated above, the catalyst of the present 
invention also contains a platinum group component. Although 
the process of the present invention is specifically directed 
to the use of a catalytic composite containing platinum, it is 
intended to Include other platinum group metals such as palladium, 
rhodium, ruthenium, osmium, and iridlui. The platinum group 
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solution In order to further facilitate the incorporation of 
the halogen component and to aid in the distribution of the 
metallic component throughout the carrier material. In 
addition, it is generally preferred to impregnate the carrier : - 
material after it has been calcined in order to minimise the 
risk of washing away the valuable platinum metal compounds; 
however, in some cases it may be advantageous to impregnate 
the carrier material when it is in a gelled state. Following 
the impregnation, the resulting impregnated support is dried 
and subjected to a high temperature calcination or oxidation 
technique which is explained hereinafter. 

1 Another essential constituent of the subject 
composite is the halogen component. Although the precise form 
of the chemistry of the association of the halogen component 
with the carrier material is not entirely known, it is customary 
in the art to refer to the halogen component as being combined 
with the carrier material or with the other Ingredients of the 
catalyst. This combined halogen may be either fluorine, chlorine, 
iodine, bromine, or mixtures thereof. Of these, fluorine and 
particularly chlorine are preferred. The halogen may be added 
to the carrier material in any suitable manner either during 
preparation of the carrier material or before or after the 
addition of the other components. For example, the halogen may 
be added at any stage of the preparation of the carrier material 
or to the calcined carrier material as an aqueous solution of an 
acid such as hydrogen fluoride, hydrogen chloride, hydrogen 
bromide, etc. The halogen component or a portion thereof may 
be composited with the carrier material during the impregnation 
of the latter with the platinum group component; for example, 
through the utilization of a mixture of chloroplatinlc acid and 
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Renditions. Despite this resistance, it is still necessary 
% carefully control the conditions to which the composite is 
^subjected in order to insure that the germanium is maintained 
*li an oxidized Btate; that id to say, prolonged exposure of 
'the composite to hydrogen at temperatures substantially above 
gbout 1000°P. are to be avoided. 

Relative to the amount of the germanium component 
contained in the composite, it is preferably sufficient to 
* 'constitute about 0.01 to about 5*0 wt. percent of the final 
composite, calculated on an elemental basis, although sub- 
atantlally higher amounts of germanium may be utilized in some 
cases. In a reforming embodiment best results are typically 
obtained with about 0.05 to about 2.0 wt. percent germanium. 
In the case where the germanium component is incorporated in 
the catalyst by coprecipitating it with the preferred alum i na 
carrier material, it is within the scope of the present 
invention to prepare composites containing up to 30 wt. percent 
germanium, calculated on an elemental basis. Regardless of the 
absolute amounts of. the germanium component and the platinum 
group component utilized, the atomic ratio of germanium to the 
. platinum group metal contained in the catalyst is preferably 
selected from the range of about 0.1:1 to about 5:1 with best 
results achieved at an atomic ratio of about 0.2:1 to 3.5:1* 
This is particularly true when the total content of the germanium 
component plus the platinum group component in the catalytic 
composite is fixed in the range of about 0.1 to about 3*0 wt. 
percent thereof, calculated on an elemental germanium and 
platinum group metal basis. Accordingly, examples of especially 
preferred catalytic composites are as follows: (1) a catalytic 
composite comprising 0.5 wt. percent germanium, 0.75 wt. percent 
platinum, and 0.6 to 1.2 wt. percent halogen combined . 
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lal, (2) a cat 



• with an alumina carrier material,-' (2) a catalytic composite 
comprieing 0.1 wt. percent germanium, 0.65 wt. percent plat] 
end 0.6 to 1.2 wt. percent halogen, combined with an alumina*' 
carrier material, .|3)-Jt catalytic composite. comprising 0.^ 
percent germanium 0.375'wt. percent platinum; and 0.6 to 1.1 
percent halogen combined with an alumina carrier material, | 
a catalytic composite comprising 1.0 wt. percent germanium, 
wt. percent platinum, and 0.6 to 1.2 wt. percent halogen com- 1 
bined with an alumina carrier material, (5) a catalytic compos! 
comprising 0.25 wt. percent germanium, 0.375 wt. percent platf 
urn, and 0.6 to 1 .2 wt. percent halogen combined with an alumj 
carrier material, (6) a catalytic composite comprising 0.8 wt.* 
percent germanium, 0.375 wt. percent platinum, and 0.6 to 1.2 * 
wt. percent halogen combined with an alumina carrier material, 
and, (7) a catalytic composite comprising 0.5 wt. percent 
germanium, 0.375 wt. percent platinum, and 0.6 to 1.2 wt. per- ' 
cent halogen combined with an alumina carrier material. 

Begardleas of the details of how the components of 
the catalyst are combined with the porous carrier material, the 
final catalyst generally will be dried at a temperature of about 
200 to about 600°P. for a period of from about 2 to about 2h 
hours or more, and finally calcined at a temperature of about ' 
700<V. to about 1100°P. in an air atmosphere for a period of 
about 0.5 to about 10 houra in order to convert the metallic 
components subdantially to the oxide form. Best- results are 
generally obtained when the halogen content of the catalyst is 
adjusted during the calcination step by including a halogen or a 
halogen-containing compound in the air atmosphere utilized. In 
particular, when the halogen component of the catalyst is 
chlorine, it le preferred to use a mole ratio of B^O to HOI of 



- 20 - 



440 66 3 




• per- 

s of 
a, the 
>t about 

• 2k 
bout 

of 
tlo 
ire 

t ie 
a or a 
. In 

'.of 



15,054/to 

about 20:1 to about 100:1 during at least a portion of the 
calcination step In order to adjust the final chlorine content 
of the catalyst to a range of about 0.6 to about 1 .2 vt« per- 
cent. 

It is preferred that the resultant calcined catalytic 
composite be subjected to a substantially water-free reduction 
step prior to its use in the conversion of hydrocarbons. This 
step ie desired to Insure a uniform and finely divided dispers- 
ion of the metallic component throughout the carrier material. 
Preferably, substantially pure and dry hydrogen (i*e., less than 
20 vol. p. p.m. HgO) is used as the reducing agent in this 
step. The reducing agent is contacted with the calcined 
catalyst at conditions including a temperature of about 80O°P. 
to about 1000°?. selected to reduce the platinum group compon- 
ent to the metallic state while maintaining the germanium 
component in ah oxidized state. This reduction step may be 
performed in situ as part of a start-up sequence if precaut- 
ions are taken to predry the plant to a substantially water- 
free state and if substantially water-free hydrogen is used. 
In order to minimize the danger of reducing the germanium 
component during this step, the duration of this step is 
preferably less than two hours, and. move typically, about 
one hour. 

. .. The resulting reduced catalytic composite may, in 
some cases, be beneficially subjected to a presulfldlng step 
designed to incorporate in the catalytic composite from about 
0.05 to about 0.50 wt. percent sulfur calculated on an ele- 
mental basis. Preferably, this presulfldlng treatment takes 
place in the presence of hydrogen and a suitable sulfur- 
containing . compound such as. hydrogen, sulfide, lower molecular 
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• weight mercaptane, organic aulfidea, etc. Typically, tnla^ 
procedure comprises treating the reduced catalyst with a 
eulf idlng' gaa auch aa a mixture of hydrogen and hydrogen suj 
, , JW^abp^ - i^ ff o^.. 0 f hydrogen per mole of hydrogen,**^ 
at conditio sufficient to effect the desired Incbrporation^i, 
of eulfur, generally including a temperature ranging from aboj 
50°P. up to about 1000°F. it l8 generally a good practice to< 
perform thia preaulfldlng atep under substantially water-free 
conditions* 

Accordingly to the present Invention, . ijareeerbj 
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obtained in the vapor phase ♦ 

In the case where the catalyst of the present 
invention is used in a reforming operation, the reforming 
system will comprise a reforming zone containing a "fixed bed 
of the catalyst type previously characterized. This reforming 
zone may be one or more separate reactors with suitable heating 
means therebetween to compensate for the endothermic nature of 
the reactions that take place in each catalyst bed. The 
hydrocarbon feed stream that is charged to this reforming 
system will comprise hydrocarbon fractions containing naphthen- 
es and paraffins that boil within the gasoline range. The 
preferred charge stocks are those consisting essentially of 
napht he nes and paraffins 9 although in many cases aroma tics are 
also present. This preferred class includes straight run 
gasolines, natural gasolines, synthetic gasolines, and the 
like. On the other hand, it is frequently advantageous to 
charge thermally or catalytically cracked gasolineB or higher 
boiling fractions thereof. Mixtures of straight run and 
cracked gasolines can also be used to advantage. The gasoline 
charge stock may be a full boiling gasoline having an initial 
boiling point of from about 50°F. to about 150°F. and an end 
boiling point within the range of from about 325°P. to about 
lt25°P., or may be a selected fraction thereof which generally 
will be a higher boiling fraction commonly referred to as a 
heavy naphtha-f or example, a naphtha boiling In the range of 
Cy to U00°P. In some cases 9 it is also advantageous to charge 
pure hydrocarbons or mixture of hydrocarbons that have been 
extracted from hydrocarbon distillates-for example, straight 
chain paraffins which are to be converted to aroma tics. It is 
preferred that these charge stocks be treated by conventional 
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. catalytic pretreatment methods such as hydrorefining, hydro- 
treating, hydrodesulfurization, etc., to remove substantially 
all sulfurous, nitrogenous, and water-yielding contaminants 
therefrom, and to saturate any olefins that may be contained 
therein. 

In other hydrocarbon conversion embodiments, the 
charge stock will be of the conventional type customsrily used 
for the particular kind of hydrocarbon conversion being effected. 
For example, in typical iscmerization embodiments the charge 
stock can be a psraff inic stock rich in' to C 8 normal paraff- 
ins, or a normal butane-rich stock, or an n-he*ene-rich stock, 
or a mixture of alkylaromatics such as a mixture of xylenes,' 
etc. In hydrocrscking embodiments the charge stock will be 
typicslly a gas oil, heavy cracked cycle oil, etc. Likewise, 
pure hydrocarbons or substantially pure hydrocarbons can be 
converted to more valuable products by using the catalyst of 
the present invention in any of the hydrocarbon conversion 
processes known to the art that use a dual-function catalyst. 

la a reforming embodiment, it is generally preferred 
that the novel catalytic composite is utilized in a substantially 
water-free environment. Essential to the achievement of this 
condition in the reforming zone is the control of the water level 
present in the charge stock and the hydrogen stream which is 
oelng charged to the zone. Best results are ordinarily obtain- 
ed when the total amount of water entering the conversion zone 
froa any source is held to a level leas than 50 p.p.m. and 
preferably leas the* 20 p.p.m., expreeeed as weight of equi- 
valent water in the charge stock. In general, this can be 
accomplished by careful control of the water present in the ■ 
charge stock and In the hydrogen stream; the charge stock can 
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be dried by using any suitable drying means known to the art 
such a 8 a conventional solid absorbent having a high selectiv- 
ity for water; for instance, sodium or calcium crystalline 
aluminosiJicates, silica gel, activated alumina, molecular 
sieves, anhydrous calcium sulfate, high surface area sodium, 
and the like adsorbents* Similarly, the water content of the 
charge stock may be adjusted by suitable stripping operations 
in a fractionation column or like device* And in some cases, 
a combination of adsorbent drying and distillation drying may 
be used advantageously to effect almost complete removal of 
water from the charge stock* Preferably, the charge stock is 
dried to a level corresponding to less than 20 p. p.m. of HgO 
equivalent. In general, it is preferred to dry the hydrogen 
stream entering the hydrocarbon conversion zone down to a level 
of about 10 volume p. p.m. of water or less. This can be 
conveniently accomplished by contacting the hydrogen stream 
with a suitable desiccant such as those mentioned above* 

In' the reforming embodiment, an effluent stream ia 
withdrawn from the reforming zone and passed through a cooling 
means to a separation zone, typically maintained at about 25 to 
100°P* wherein a hydrogen-rich gas is separated from a high 
octane liquid product, commonly designated as a reforcate. 
Preferably, at least a portion of this hydrogen-rich gas is 
withdrawn from the separating zone and passed through an 
adsorption zone containing an adsorbent selective for water* 
The resultant substantially water-free hydrogen stream is then 
recycled through suitable compressing means back to the reform- 
ing &one* The liquid phase from the separating zone is ti.m 
typically withdrawn and commonly treated in a fractionating 
system in ordfer to adjust its butane concentration in order to 
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control front-end volatility of the resulting reformat©. 

The conditions utilized in the numerous hydrocarbon 
conversion embodiments of the present invention are those 
customarily used in the art for the particular reaction or 
combination of reactions that is to be effected. For Instance* 
alkylaromatic and. paraffin isomer izatlon conditions include: a 
temperature of about 32°F. to about 100°P. and preferably about 
75 to about 6QO°P.; a pressure of atmospheric to about 100 
atmospheres; hydrogen to hydrocarbon mole ratio of about 0.5 
to about 20:1 , and an LHSV (calculated on the basis of equiv- 
alent liquid volume of the charge stock contacted with the 
catalyst per hour divided by the volume of conversion zone 
containing catalyst) of about 0.2 hr." 1 to 10 hr. ~ 1 Dehydro- 
genation conditions include: a temperature of about 700 to 
about 1250°?., a pressure of about 0.1 to about 10 atmospheres, 
a liquid hourly space velocity of about 1 to U0 hr." 1 and a 
hydrogen to hydrocarbon mole. ratio of about 1 :1 to 20:1. 
Likewise, typically hydrocracking conditions include: a 
pressure of about 500 p.B.i.g. to about 3000 p.s.i.g.; a 
temperature of about U00°P. to about 900°F.; an LHSV of about 
0.1 hr. H to about 10 hr. " 1 ; and hydrogen circulation rates 
of about 1000 to 10,000 s.c.f. per barrel of charge. 

In the reforming embodiment of the present invention, 
the pressure utilized is preferably selected in the range of 
about 50 p.s.i.g. to about 350 p.s.i.g. la fact, it is a 
singular advantage of the present invention that it allows 
stable operation at lower pressure than have heretofore been 
successfully utilized in so-called "continuous" reforming 
systems (i.e., reforming for periods of about 15 to about 200 
or more barrels of charge per pound of catalyst without regen- 
eration). In 
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other words, the catalyst of the present Invention allows the 
operation of a continuous reforming system to be conducted at 
lower pressure (i.e., 50 to 350 p.s.i.g.) for about the same 
or better catalyst life before regeneration as has been hereto- 
fore realized with conventional catalysts at higher pressures 
(i.e., kOQ to 600 p.s.i.g.). 

Similarly, the temperature required for reforming is 
generally lower than that required for a similar reforming 
operation using a high qualify catalyst of the prior art. This 
significant and desirable feature of the present invention is a 
consequence of the selectivity of the catalyst of the present 
invention for the octane-upgrading reactions that are preferably 
induced in a typical reforming operation. Hence, the present 
invention requires a temperature in the range of from about 
800°P. to about 1100°P. and preferably about 900°P. to about 
1050°P. As is well known to those skilled in the continuous 
reforming art, the initial selection of the temperature within 
this broad range iB made primarily as a function of the 
desired octane of the product reformate considering the 
characteristics of the charge stock and of the catalyst. 
Ordinarily, the temperature then is thereafter slowly increased 
during the run to compensate for the inevitable deactivation 
that occurs to provide a constant octane product. Therefore, 
it is a feature of the present invention that the rate at which 
the temperature is increased in order to maintain a constant 
octane product, is substantially lower for the catalyst of the 
present invention than for a high quality reforming catalyst 
which ia manufactured in exactly the same manner &3 the catalyst 
of the present invention except for the inclusion of the 
germanium component. . Moreover, for the catalyst of the present 
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preparing the preferred catalytic composite of the present 
invention. 

An alumina carrier material comprising 1/16 inch 
spheres was prepared by: forming an aluminum hydroxyl chloride 
sol by dissolving, substantially pure aluminum pellets in a 
hydrochloric acid solution, adding hexamethylenetetramine to 
the resulting sol, getting the resulting solution by dropping 
it into an oil bath to form spherical particles of alumina 
hydrogel. The resulting hydrogel particles. were then aged and 
washed with an ammoniacal solution and finally dried and calcin- 
ed at an elevated temperature to form apherical particles of 
gamma-alumina containing about 0.3 wt. percent combined chloride. 
, Additional details as to this method of preparing the' preferred 
carrier material are given in the teachings of U.S. Pat. Ho. 
2, 620,31 U. 

A measured amount of germanium dioxide crystals was 
placed in a porcelain boat and subjected to a reduction treat- 
ment with substantially pure hydrogen at a temperature of about 
650°C. for about 2 hours. The resulting grayish-black solid 
material was dissolved in chlorine water to form an aqueous 
solution of germanium mono-oxide. An aqueous solution contain- 
ing chloroplatinic acid and hydrogen chloride was then prepared. 
The two solutions were then intimately admixed and .used to 
impregnate the gamma^alumina particles in amounts, respectively, 
calculated to result in a final composite- containing 0.25 ?t. 
percent Oe and 0,375 wt. percent P*. In . order to insure 
uniform distribution of both metallic components throughout the 
carrier material, this impregnation step was performed by adding 
the carrier material particles to the impregnation mixture with 
constant agitation. In addition, the volume of the solution was 
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two tines the volume of the carrier material particles. The j 
Impregnation mixture was maintained in contact with the 
carrier material particles for a period of about 1/2 hour at 
a temperature of about 70°P. Thereafter, the temperature of 
the impregnation mixture was raised to about 225°P. and the 
excess solution was evsporated in a period of about 1 hour. 
The resulting dried particles were then subjected to a 
calcination treatment in an air atmosphere at a temperature 
of about 925°P. for about 1 hour. The calcined spheres sere 
then contacted with an air stream containing HgO and fiCl in a 
mole ratio of about hO:i for about h hours at 975°P. in order 
to adjust the halogen content of the catalyst particles to a 
▼alue of about 0,90. 

The resulting catalyst particles were analyzed and 
found to contain, on an elemental basis, sbout 0,375 wt. per- 
cent platinum, about 0.25 wt. percent germanium, and about 
0.85 wt. percent chloride. 

Thereafter, the catalyst particles were subjected to 
a dry pre-reduction treatment by contacting them with a 
substantially pure hydrogen stream containing less than 20 
vol. p.p.m. HgO at a temperature of about 1000°P., a pressure 
slightly above atmospheric and a flow rate of the hydrogen 
stream through the catalyst partloles corresponding to a gas 
hourly space velocity of about 720 nr." 1 . This pre-reduction 
step waa for a duration of about 1 hour. 

EXAMPLE II 

In order to compare the novel catalytic composite 
of the present invention with those of the prior art in a 
manner calculated to- bring out the interaction between the 
germanium component and the platinum component, a comparison 
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test was made between the catalyst of the present invention 
flhich was prepared according to the method given in Example I 
and a reforming catalyst of the prior art which contained 
jlaiinum as.its sole, hydrogenation-dehydrogenat ion component. 
That is to say, the control catalyst was a combination of 
platinum and chlorine with a gamma-alumina carrier material 
which was prepared by a manner analogous to that given in 
Example I except for the inclusion of the germanium component 
and contained, on an elemental basis, about 0.75 wt. percent 
platinum and about 0.85 wt. percent chlorine. 

These catalysts were then separately subjected to a 
high stress evaluation test designed to determine their relat- 
ive activity and selectivity for the reforming of a gasoline 
charge stock. In all tests the same charge stock was utilized 
its characteristics are given in Table I. It is to be noted 
that this test is conducted under a substantially water-free 
condition with the only significant source of water being the 
5.9 wt. p.p.m. present in the charge stock. 

Table I - Analysis of heavy kuwait naphtha 



API gravity at 60°P. 






60.1+ 


Initial boiling point, °F. 






181* 


10J5 boiling point, °F. 




. ♦ 


205 


50# boiling point, °F. 






256 


90J6 boiling point, °F. 






321 


End boiling point, °P. 




. 


360 


Sulfur, wt. p.p.m. 






0.5 


Hitrogen, wt. p.p.m. 






0.1 


Aromatic, vol. percent 
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Parafifins, -vol. -percent 


. . 




71 


Naphthenes, vol. percent 




. . 


21 


Wat ex* p.p.m. 


. . 
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conalata of elm period, comprising . aim hoar line-out period 
followed by a Urn hour teat period run at a oonatant tenper. S 
a*ure during which tin. a v product reformat, i. collected 
It waa performed in . Lbor.tory acal. forming plant oompri. 
lag a reactor containing the cuiyst. hydrogen ,ep.r.tlon 
son., a d.butanls.r column, aultabl. heating, pumpimg. and 
condensing mean., eto. 

In this pbnt, . hydrogen recycle stream and the 
oh«g, .toot „. commingled .nd heated to the desired comver.- 
ion temperature. The resulting mixture 1. then passed doan- 
flo. into a reactor containing the catalyst a. , tlxM bea 
to effluent .tree, is then .ithdra.n from the bottom of the 
reactor, cooled to .bout 55°*., ^ te ^ 

none .herein . hydrogen-rich gaseous phase separates from a 
liquid Phase. A portion of the gaseous phae. ie continuous, 
p.8«d through . high surface area sodium scrubber end th. 
resulting substantially ..ter-fres hydrogen stream recycled to 
th. reactor in order to auppiy hydrogen for tb, reaction, and 
th. over tbmt n,adsd for plaat prwwe „ 

s, parator ga „. HoreoTer, th. ail uid phasa fro. th, 
..parting son, 1. .ithdr^ therafrom and p.sa.d to th. 
d.b»tanlm,r column .hersln light ends ar, tah„ , TerW „ . 
d.b«.nim.r g.. and . r.format. str«. r.c OT .r.d .. bottom.. 

Condition. utiliMd in this ta,t are* a constant 
t.mp«atura of about 963"?. tor th. firat three periods 
followed 
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by a constant temperature of about 997^. for the last three 
periods, a liquid hourly space velocity of 3.0, an outlet 
pressure of the reactor of 100 p.e.i.g., and a mole ratio of 
♦hydrogen to hydrocarbon entering the realtor of "10:1 • 

This two temperature test is designed to quickly and 
efficiently yield two points on the yield-octane curve for the 
particular catalysts. The conditions utilized are selected on 
the basis of experience to yield the maximum amount of inform- 
ation on the capability of the catalyst being tested to 
respond to a high severity operation* 

The results of the separate tests performed on. the 
catalyst of the present Invention and the control catalyst are 
presented for each test period in Table II Interns of inlet 
temperature to the reactor In °P., net excess separator gas in 
standard cubic feet per barrel of charge (s.c.f ./bbl.), 

debutanlzer overhead gas In standard cubic feet per barrel, the 
ratio of the debutanlzer gas make to the total gas make,. .and 
PH clear octane number* 

In addition, the respective catalysts were analysed 
for carbon content after the completion of test. The results 
showed that the catalyst of the present invention contained 
2.h5 wt. percent carbon which was in marked contrast to the 
U.17 wt. percent carbon which was found on the control catalyst. 
These results evidence an additional advantage of the present 
invention which is the cspabillty to suppress the rate of 
deposition of carbonaceous materials thereon during the course 
Of the reforming reaction. 
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TABLE II - RESULTS OP J^kMMl 



REFORMING TESTS 



Temp • 9 



Separator Debutan- 
e.c.f./bbl. s.c.f./bbl. 



Debutan- 

izer gas/ No ."IS 
total gas cleaiT 1 
ratio 




Period Ko.: 



Catalyst of the present Invention (weight percent) 
0.375 Pt, 0.25 Go, and O.85 CI '» 



1 
2 
3 

5 
6 



963 

963 

963 
997 

997 
997 



1,510 


53 


.031* 


96.3 


1,h62 


1*6 


.030 


95.1 


1,1*56 


1*7 


.031 


95.0 


1,682 


51 


.029 


98.6 


1,61*3 


51 


.030 


98.5 


1,622 


1*9 


.029 


98.2 



Control catalyst (weight percent) Pt, and O.85 CI 



1 


963 


1,307 


66 


.01*8 


2 


963 


1,236 


63 


.01*9 


3 


963 


1,196 


66 


.052 


1* 


997 


1,377 


82 


•056 


5 


997 


1,31*3 


86 


.060 


6 


997 


1 ,303 


87 


.062 



91.1* 

89.5 

88.9 

9U.0 

93.3 

92.3 



Beferring now to the results of the separate tests 
performed in Table II, it is evident th*t the effect of the 
germanium component on the catalyst is to substantially promote 
the platinum metal component and to enable a catalyst contain- 
ing less platinum to out-perform a catalyst containing a sub- 
stantially greater amount of platinum. That is to say, the 
catalyst of the present invention is aharply superior to the 
control catalyst in both activity and stability. Aa was pointed 
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out hereinbefore, a good measure of activity for a reforming 
catalyst is octane number of reformate produced at the Game 
conditions; on this basis , the catalyst of the present invention 
las more active than the control catalyst at both temperature 
conditions. However, activity is only half of the story: 
activity must be coupled with selectivity to demonstrate super- 
iority. Selectivity is measured directly by reference to C-+ 

5 

yield and indirectly by reference to separator gas make, which 
is roughly proportional to net hydrogen make which, in turn, 
is a product of the preferred upgrading reactions, and by 
reference to debutanizer gas make which is a rough measure of 
undesired hydrocracking and should be minimized for a highly- 
selective catalyst. Referred again to the data presented in 
Table U and using the selectivity criteria, it ia manifest that 
the catalyst of the present invention is materially more select- 
ive than the control catalyst. 

Prom consideration of this data, it is clear that 
germanium is an efficient and effective promoter of a platinum 
metal reforming catalyst. 

EXAMPLE III 

In order to compare the stability characteristics of 
the catalyst of the present invention with the control catalyst* 
a slightly different comparison test was performed. This test 
was designed to measure, on an accelerated basis, the stability 
characteristics of the catalyst being tested in a high severity 
reforming operation. The compositions of the catalysts employed 
were identical to" those described in Example II. 

The test consisted of six periods of 2k hours with a 
12 hour line-out. period -being followed by a 12 hour test period. 
The conditions employed were: an outlet reactor pressure of 
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100 p.s.i.g., a liquid hourly space veloeity of 1.5 hr. H , « 
hydrogen to hydrocarbon mole ratio of about 8 m and an inlet J 
reactor tempeature which was continuously adjusted throughout 
the test in order to achieve and maintain a C 5+ ref ormate m 
target octane of 102F-1 clear, it is to be noted that these J* 
are exceptionally severe conditions. 

The reforming plant utilized was identical in 

structure and flow scheme to that described in Example II. 

The results of the comparison test are recorded in 

Table III in terms of temperature required to make octaine, 

C 5 +yield, and debutaniaer and separator gas make. 

TABLE III. - RESULTS CP HIGH STRESS STABILITY TEST 



Temp., °p. 



c 5+yoi. 

percent 



Separator 
gas, 

s.c.f./bbl. 



Debutanl- 
zer gas, 
s.c.f./btt. 



Period Ho: 



Catalyst of the present invention (weight percent). 

0.375 pt, 0.25 Oe, and O.85 ta. ' 



1 


96k 


77.6 


1,733 


60 


2 


973 


76.9 


1,700 


65 


3 


981 


77.2 


1,790 


66 * 


h 


986 


77.6 


1,788 


63 


5 


990 


76.U 


1,767 


68 


6 


99h 


77.0 


1,773 


68 




Control 


catalyst (weight 


percent), 0.75 Pt and 0. 



1 

2 
3 
k 

5 
6 



978 

99U 
1,022 
1,0U5 
1,103 



69.t 
69.9 
69.8 
62.5 



1,80h 
1,762 
1 ,733 
1,703 
1 ,622 



110 
107 
111 
15U 
237 
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15,054/7°. 

Referring to Table III, it is evident that the 
catalyst of the present invention is materially more stable 
than the control catalyst under the conditions of this compar- 
ison test. This stability feature is evident both in the area 
of temperature stability and yield stability. Even more sur- 
prising, C 5 +yield for the catalyst of the present invention is 
consistently above that produced by the control catalyst 
throughout the test. Therefore, this accelerated stability 
test provides additional evidence of the synergistic effect of 
the germanium component on the platinum-containing catalyst. 

EXAMPLE IV 

In order to study the responses of the catalyst of 
the present invention to varying conditions in a reforming 
operation, a sample of the catalyst prepared by the method of 
Example I was subjected to a four period test in which the 
pressure, the liquid hourly space velocity, and the conversion 
temperature were varied in a manner calculated to bring out the 
responses of the catalyst to changes in pressure and c hang es 
in space velocity. 

After a line-out period of 12 hours, a four period 
test was performed. The test periods were of 10 hour duration 
followed by a 10 hour line-out period, and the conditions uaed 
in each period were as follows: for the first period the 
pressure was 500 p.s.i.g., the liquid hourly space velocity was 
1.5 hr. -1 and the conversion temperature was 975°F«; for 
second period the pressure was 300 p.s.i.g., the liquid hourly 
space velocity was 1 .5 hr.~ 1 f and the temperature was 
for the third period the pressure was 300 p.s.i.g., the liquid 
hourly space velocity was 3.0 hr.~ 1 , and the conversion temper- 
ature was 1020°?.; end for the final period the pressure was 
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100 p.s.i.g., the liguid hourly space velocity, was 3.0 hr." 1 , 
and the temperature was 1050°P. 

The results of this test for the catalyst of the 
present invention and the control catalyst are presented in 
Table IV in terms of: octane number of C 5+ product, debutanizel 
gas make in s.c.f./bbl.. net separator gas in s.c.f./bbl., and 
ratio of debutanizer gas make to total gas make. 
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B7 reference to the data presented In Table IV Jl 
can be seen that the catalyst rf ^ * 
uneTT , A ■ catalyst of the present invention «*< 

unexpectedly exhibita markedly ntx^i^ - 
i« superior performance at the 

■ — 

Accordingly, the catalyst th . * 

w ai>out 50 to about 350 o.a i „ » tJ 

superior performance in the i« Ms 

on tne low pressure domain la »«♦ 
«* by increased performance at ni.h Mla 18 ">* ParaU^ 

**- -sponse to the cata^t "* 
-sure conditions is oTj " ^ 

-xpected advantages associated n^T^ t^the 
Present invention. catalyst of the j 
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claims defining the invention are as follows: 

A catalytic composite comprising a combination of a 
olatinum group metal, a germanium component, and a halogen 
•oBponeni with a porous carrier material, wherein substantially 
11 of said platinum group metal is present as the elemental 

natal and substantially all of said germanium component is 

I 

present in an oxidation state above that of the elemental metal, 
3 and wherein said components are present amounts sufficient to 

result in the composite containing, on an elemental basiB, about 
~0.01 to about 2.0 wt. percent of the platinum group metal, about 
iO.01 to about 5.0 wt. percent of germanium, and about 0.5 to 
?about 3«5 wt. percent halogen. 

l 2. A catalytic composite as defined in claim 1 wherein 

said platinum group metal is platinum. 

3. A catalytic composite as defined in claim 1 wherein 

said germanium component is germanium oxide or sulfide. 

h» A catalytic composite as defined in claim 1 wherein 

said halogen component is chlorine or a compound of chlorine. 

5« A catalytic composite as defined in claim 1 wherein 

said porous carrier material is a refractory inorganic oxide. 

A. catalytic composite as defined in claim 5 wherein 
said refractory Inorganic oxide is gamma- or eta-alumina. 

7. A catalytic composite as defined in claim 1 wherein 

said composite contains, on an elemental basis, about 0.05 to 
about i .0 wt. percent of the platinum group metal, about 0.05 
to about 2.0 wt. jpercent of germanium, and about 0.6 to about 
1-2 wt. percent halogen. 



'8- A catalytic compoeiti \^J^ m claiB 1 

the atomic r.«„ of genn(mlUB t0 ^ . 

contained in- the compoeite.is about 0.1:1 to about 5t1 . 

9. * catalytic compoaite compriel^ a combination , 

Platinum, a g ermanlum 0I14s COBponeat) ^ , ^ 

with an aluMna carrier materia! in amounte ancient to 
result in the composite containing, oa aa elemental basia 
about 0.01 to about an.* ' 
o about a.o ,t. p ercen t platinum, about o.o, to 

about 5 .0 „t. percent germanium, ana about 0. 5 to about 3^ 
-*. Percent halogen, substantially ail of said pl etinum be 
Present aa the elemental metal and eubstsntially an of aai 

r° ^ Pre86ht ta " 0Iida "» ab«e that of, 

tbe elemental metal. 

sal halo " Catalrtl ° CM *° 8lte " deftoe4 ^ — 

11810890 ° 0BP0DeDt 18 or a compound of chlorin. 

11- a catalytic composite comprising a combination of' 

catalytic composite of claim 9 , m a aulfur component ia 
anounts sufficient to incorporate about 0.05 to about 0.5 .t, 
percent aulfur, calculated on an elemental baaia. 

12. A catalytic composite as defined in claim 9 wherein 
the atomic ratio of germanium to platinum contained in the 
conpoaite ia about 0.1 s1 to about 5! 1 . 

13. * catalytic compoalte aa defined in claim 9 wherein 

said composite contains about o rw ^ 

aoout 0.05 to about 1.0 wt. percent 

platinum, about 0.05 to about 2 n »♦ 
_ ■ _ 3 ™ al)out 2 *° »*. percent germanium, and 

about 0.6 to about a o 

«oout 1 .2 wt. percent halogen. 

14. - catalytic compoaite aa defined in claim 13 where 
the atomic ratio o£ger»anlum to platinum contained in the 
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Imposite is about 0.2:1 to about 3.5:1 . 

i A process for converting a hydrocarbon which comprises 

Ijntacting the hydrocarbon with the catalytic composite of claim 
at hydrocarbon conversion conditions. 

: jg # A processes for reforming a gasoline fraction which 

^comprises contacting the gasoline fraction and hydrogen with 
tbe catalytic composite of claim $ at reforming conditions. 

\j7, A process as defined in claim 16 wherein said reform- 

ing conditions include a temperature of about 800 to about 
1100°P», a pressure of about 50 to about 350 p.s.i.g., a liquid 
hourly space velocity of about 0.1 to about 10 nr."" 1 , and a mole 
ratio of hydrogen to hydrocarbon of about 1 to about 20 moles 
of hydrogen per mole of hydrocarbon. 

18. A process as defined in claim 16 wherein said 
contacting is performed in a substantially water-free environ- 
ment. 

19. A process for reforming a gasoline fraction which 
comprises contacting the gasoline fraction and hydrogen with 
the catalytic composite of claim 13 at reforming conditions 
Including a pressure of about 50 to about 350 p.s.i.g* 



20. 
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